INTRODUCTION
Mycoplasma bovis is the most frequently occurring of the bovine mycoplasmas, and this pathogen can provoke severe disease: clinical mastitis in cows, and arthritis and pneumonia in calves and young cattle (6, 7, 8, 15) . Furthermore, the literature contains reports of the involvement of M. bovis in genital diseases (e.g. orchitis, vesiculitis and endometritis) and cases of abortions (1, 2, 13, 14) . These diseases are highly resistant to therapy.
Rapid and specific laboratory diagnosis is necessary to effectively control the diseases caused by M. bovis. At present, the detection of the agent is still based on isolation from biological material and subsequent serological identification by indirect immunofluorescence. Using this procedure, up to one week is required before a final result is available. Additional problems can be caused by bacterial contamination of samples, as this usually prevents mycoplasmal growth. In view of these difficulties, the authors investigated the application of molecular biology methods in an effort to improve detection of M. bovis.
A first step was the development of species-specific deoxyribonucleic acid (DNA) probes. After extensive screening, several probes could be identified which reacted specifically with DNA from M. bovis in dot blot hybridisations. However, this method was not applicable for the detection of the organism directly in milk, since sensitivity was considerably reduced due to unspecific reactions with milk proteins and fat.
Owing to these difficulties, the authors attempted to accomplish rapid detection of M. bovis using in vitro DNA amplification by the polymerase chain reaction (PCR), as this method could be expected to provide the sensitivity and specificity necessary to detect micro-organisms in biological material; in this case, milk, semen or bronchoalveolar fluid. Sequences from previously-developed specific nucleic acid probes served as the basis for the selection of PCR primers.
DEVELOPMENT OF NUCLEIC ACID PROBES
Various approaches to the generation of nucleic acid probes for diagnosis have been described in the literature (3, 4, 10, 12, 16, 17) . Depending on the information available regarding the sequence of the genome of the organism concerned, entire genes or parts of genes, oligonucleotide sequences from ribonucleic acid (RNA) genes or other regions, as well as random genomic DNA fragments have been successfully employed. Oligonucleotides, generally between 18 and 30 bases long, can be used directly, whereas longer genomic fragments are cloned into plasmid or phage vectors prior to use. Detection and/or identification of the organism is accomplished by dot blot, Southern blot or in situ hybridisation.
The authors have developed probes for M. bovis detection based on restriction fragments of M. bovis chromosomal DNA inserted into the corresponding cloning site of plasmid pUC19. Clones of a partial genomic library were screened by dot blot hybridisation against DNA from a variety of different micro-organisms. Those recombinant plasmids which were demonstrated to be largely specific were selected for further investigation. Figure 1 shows restriction maps of the M. bovis DNA inserts present in the probes to be described below.
Plasmid pMB2, which contains a 260 base pair (bp) HindIII fragment of M. bovis DNA as the insert, exhibited no cross-reaction when used as a probe in dot blot hybridisation with the DNA of other bovine Mycoplasma spp. (Fig. 2 ). Among the probes tested, pMB2 was the only plasmid which did not hybridise with DNA of M. agalactiae, a species closely related to M. bovis. In another series of experiments, in which DNA from M. bovis strains of various origins was used as the target, pMB2 reacted with all strains regardless of regional origin or isolation site in the animal body (udder, respiratory or genital tract). Further specificity screening included DNA of nonbovine mycoplasmas, as well as other bacterial agents associated with mastitis and/or occurring in bovine milk (e.g. Streptococcus spp. and Staphylococcus spp.). The only cross-reaction detected was with M. gallisepticum. However, this is not relevant in practice since this species does not occur in cattle.
Plasmid pMB900 carries an M. bovis DNA insert of approximately 6 kbp. In dot blot hybridisations with DNA of other species, cross-reactivities included weak signals with part of the M. bovigenitalium strains and strong cross-hybridisation with M. agalactiae (4) . Several cleavage sites of common restriction enzymes were used to generate smaller subclones in an attempt to improve specificity. Using one of the subclones, pMB920, which contains a 2 kbp HindIII fragment of M. bovis DNA, the number of crossreacting M. bovigenitalium strains could be reduced in comparison with pMB900.
With the group of plasmids mentioned, it was possible to detect DNA equivalents of 10 4 to 10 5 colony-forming units (CFU) using dot blot hybridisation. Practical difficulties arose when, instead of extracted DNA, biological material containing the agent (e.g. milk or semen) was loaded onto the nylon membrane. In all instances, the sensitivity of M. bovis detection was considerably decreased and specificity impaired due to high background signals.
One of the probes used, pJ5 (a pUC19-derivative containing a 1 kbp insert of M. bovis DNA), differed from the others in that it was able to hybridise to total RNA from M. bovis and M. agalactiae. There was no reaction with RNA from other mycoplasmas, bovine streptococci or staphylococci. Attempts were therefore made to use pJ5 for direct detection of M. bovis in milk by solution hybridisation, using ribosomal RNA (rRNA) as the hybridisation target. A potential advantage of this approach is that, in contrast with chromosomal DNA, rRNA is present in about 10,000 copies per cell. However, while the sensitivity of detection was improved in comparison with dot blot hybridisation (10 4 CFU), specificity was unsatisfactory due to the interference of milk proteins which led to an unacceptably high number of false-positive results.
IN VITRO DEOXYRIBONUCLEIC ACID AMPLIFICATION BY POLYMERASE CHAIN REACTION
To overcome the problems encountered with hybridisation techniques in connection with clinical samples, the authors used the polymerase chain reaction (PCR) for the detection of M. bovis. This method enables the detection of minute quantities of DNA, ideally a single copy of a certain target sequence, by amplifying this DNA many times using a thermostable DNA polymerase. A prerequisite for successful amplification is the availability of sequence-specific primers. The process includes three steps: denaturation of the target DNA, primer annealing, and synthesis of the complementary DNA strand using the first strand as template. Typically, thirty cycles are run, which amounts to an amplification factor of approximately 10 9 .
For species-specific detection of M. bovis, primer sequences were selected from flanking regions of the M. bovis DNA insert in pMB2, the sequence of which had been determined previously. The following sequences were used in primer pair PpMB2: PpMB2-l : 5'-ATA TTG AAA AAG TTA TAT-3' PpMB2-2: 5'-TAA ACT CTC AGA ATC TA-3' Amplification of a 254 bp fragment was commenced after denaturation for 2 min at 94°C and the optimal temperature profile of a cycle was as follows: - Under these conditions, it was possible to increase the sensitivity of M. bovis detection to the equivalent of 1 CFU when extracted chromosomal DNA was used as target (Fig. 3) . The amplification reaction was specific for M. bovis. Altogether, DNA of the type strains of twenty-seven Mycoplasma spp. were investigated. Figure 4 shows the results of PCR reactions with DNA of various bovine mycoplasmas on an 8% Polyacrylamide gel. It should be noted that no amplification product was formed with M. gallisepticum DNA, despite cross-reactivity with pMB2 in dot blot hybridisation. The hybridisation signal was probably due to non-specific binding effects. Using the PpMB2 primer pair, the expected amplification was attained with all M. bovis strains investigated, regardless of geographical origin or site of isolation in the animal. The results are presented in Figure 5 . In further experiments, DNA of bacterial species outside the class of Mollicutes (e.g. streptococci, staphylococci and other bovine agents) was tested. No case of DNA amplification was observed. Investigations were continued with the aim of PCR detection of viable mycoplasma cells from broth culture, thus avoiding the necessity of DNA extraction. For this purpose, a series of dilutions of M. bovis strain 34/81 grown in modified Hayflick medium was prepared. Aliquots of 10 µl were boiled for 5 min and added to the standard PCR mix containing the PpMB2 primer pair without further pre-treatment. As can be seen from Figure 6 , it was thus possible to detect 500 CFU of M. bovis. Polyacrylamide gel electrophoresis of polymerase chain reaction products using
Mycoplasma bovis 34/81 broth cultures as target and primers PpMB2-l/2
Sensitivity was further improved by introducing primer set PpMB920, which was selected from the nucleotide sequence of the M. bovis DNA insert in plasmid pMB920. The following sequences were used: All other conditions, including pre-treatment by boiling for 5 min, were the same as described above for the PpMB2 primer set. With this procedure, the sensitivity of M. bovis detection from broth culture was 10 CFU. Other methods of pre-treatment (e.g. proteinase K digestion and solubilisation using sodium dodecyl sulphate [SDS] or guanidinium thiocyanate) led to a lowering of sensitivity. Further research is to be conducted involving the PpJ2 primer set, as M. bovis-specific RNA sequences could prove to be useful templates for diagnostic PCR. Although such a procedure additionally requires transcription of the respective RNA regions into cDNA using reverse transcriptase, an overall improvement of sensitivity can be expected, due to the large number of RNA copies per cell (compared to a single copy of chromosomal DNA).
A series of experiments were aimed at the detection of M. bovis directly in milk, which is the most important prerequisite for rapid diagnosis of M. bovis mastitis. Particular problems were encountered due to interference of the complex mixture of milk proteins. When milk samples were subjected to PCR without pre-treatment, the amplification reaction was completely inhibited. Therefore, the removal of interfering proteins was assumed to be crucial for PCR detection of mycoplasmas in these samples. Three different approaches were tested with experimentally-contaminated milk: a) selective DNA extraction using sodium iodide (9) b) DNA enrichment by ion-exchange chromatography using Chelex-100 (18) c) extensive enzymatic protein digestion using serine protease PreTaqTM (11) .
While the first two methods gave unsatisfactory and poorly reproducible results, the enzymatic procedure led to significant improvement. Figure 7 shows the DNA amplification results obtained with experimentally-infected milk after various types of pre-PCR treatment. It is evident from lanes 6-8 of Figure 7 that the inclusion of SDS or acetic acid in the procedure resulted in the inhibition of DNA polymerase activity. The most important result was obtained in the experiment shown in lane 3, where the authors succeeded in amplifying the respective M. bovis DNA fragment. Under these conditions, M. bovis was detected directly in milk for the first time. The detection limit of approximately 10 7 CFU/ml is still not satisfactory for practical diagnosis, but there is potential for further improvement, as the degree of DNA enrichment can be increased. The authors are convinced that a routine procedure for rapid and specific detection of M. bovis from milk and other biological samples can be developed on the basis of these results. PALABRAS CLAVE: Amplificación en cadena por polimerasa -Detección -Diagnóstico rápido -Hibridación según la técnica «dot blot» -Muestras biológicas -Mycoplasma bovis -Sondas de ácido desoxirribonucleico.
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